1. Protein synthesis in liver and jejunal mucosa was measured in 19-d-old germ-free (GF) and conventional (CV) chicks fed on a semi-purified casein-gelatin (SCG) diet using a massive-dose single injection of [U-14C]phenylalanine. The effect of subsequent feeding for 9 d either a nitrogen-free (NF) diet or an N F diet supplemented with L-methionine (5 g/kg) and L-arginine hydrochloride (2 g/kg) (MA diet) was investigated in both types of chick.
In the conventional (CV) bird, organs such as the gastrointestinal tract which harbour a heavy burden of micro-organisms differ from their germ-free (GF) counterparts in some characteristics. For instance, the small intestinal wall is thicker in the CV chicks, mainly because of an increased amount of connective tissue (Gordon & Bruckner-Kardoss, 1961) and the migration rate of the mucosal epithelial cells is faster (Cook & Bird, 1973; Rolls et al. 1978) . The liver of CV birds is sometimes, though not always, heavier (Reyniers et al. 1960) , possibly because some of the end-products of microbial activity in the gut such as ammonia (Visek, 1974) and amines (Cheeseman & Fuller, 1966) are detoxified in the liver.
On a nitrogen-free (NF) diet, Salter et al. (1974) found that more N was lost in the excreta by GF chicks than by their CV controls, suggesting that the activities of the gut microflora conserve N for the host. In similar circumstances, Okumura et al. (1978) reported differences in faecal amino acid composition between birds in the two environments. There was evidence of synthesis of some essential amino acids by the gut microflora which might partly * Present address: Laboratory of Animal Nutrition, Faculty of Agriculture, Nagoya University, Chikusa-ku, Nagoya 464, Japan. For reprints.
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account for the lower N excretion of CV chicks in protein starvation. This N-sparing effect is likely to be brought about by enhanced protein synthesis in tissues through increased re-utilization of endogenously-formed amino acids or by decreased body protein degradation, or both. The present study was done to examine whether the presence of the gut microflora affects protein synthesis in liver and jejunal mucosa and to what extent supplementation of an N F diet with methionine and arginine influences protein synthesis in these tissues in G F and CV chicks.
MATERIALS A N D METHODS
Chicks G F chicks of the Rhode Island Red x Light Sussex cross were reared in large Gustafsson stainless-steel isolators as described by Coates et al. (1963) . CV birds from the same hatch of eggs were kept in a clean but non-sterile room where the physical environment could be maintained to match that present within the isolators. Both G F and CV chicks were housed in groups of four birds in stainless-steel cages with mesh floors, and males and females were distributed evenly among the experimental groups. The continued microbial sterility of the birds within isolators was checked at intervals (Fuller, 1968) .
Diet. The composition (g/kg) of the semi-purified, casein-gelatin (SCG) diet was: maize starch 596-5, casein 180, gelatin 100, salt mixture 60, L-cystine 3.0, choline chloride 1.5, myo-inositol 1.0, vitamin supplement 8.0, maize oil 50. cholecalciferol 0.1 6, menaphthone 20, a-tocopheryl acetate 40. Rovimix A500 (Roche Products, Welwyn Garden City, Herts) was added to supply 20 mg retinol/kg diet. The vitamin supplement provided (mg/kg diet) : biotin 0.8, pteroylmonoglutamic acid 6.0, thiamin hydrochloride 12.0, pyridoxin hydrochloride 16.0, riboflavin 24.0, calcium pantothenate 60.0, nicotinic acid 160.0, cyanocobalamin 0-08. In the case of the N F diet, casein, gelatin and L-cystine were replaced by methylcellulose (10 g) and maize starch (273 g). For the MA diet supplements (g/kg) of L-methionine 5 and L-arginine hydrochloride 2 were added at the expense of maize starch in the N F diet. After mixing, all the diets were granulated, packed into plastic bags and sterilized by gamma radiation at 5 Mrad. Vitamin supplements were high to compensate for possible destruction during irradiation.
Experimental procedure The birds were maintained in both environments on the SCG diet until 18 d of age. Four birds in each environment were then taken for measurement of protein synthesis. To ensure that they had taken food on the day of test they were fasted during the previous night and then allowed to eat for more than 2 h. The remaining eight birds in each environment were distributed into two groups of four and given either the N F or MA diet for 9 d. Protein synthesis was measured on day 28, after the same fasting and re-feeding procedure, and the values were compared with those found on day 19 with the adequate diet. This experiment was repeated and the results from both were combined.
Measurement of protein synthesis The method was based on that of McNurlan et al. (1979) and depends on the measurement of radioactivity in free and protein-bound phenylalanine of tissues after injection of a single massive dose of labelled phenylalanine. Radioactive ~-[U-l~C]phenylalanine (521 mCi/mmol) (The Radiochemical Centre, Amersham, Bucks) was combined with unlabelled L-phenylalanine to give respectively 10 pCi and 100 pmol/ml physiological saline (8.5 g sodium chloride/l) and injected into a wing vein at a dose of 10 ml/kg bodyweight. G F birds were removed from the isolator just before injection. At 2 and 10 min after the injection birds were killed by dislocation of the neck, and liver and jejunum, i.e. the part of the small intestine from the entry of the bile ducts to the yolk stalk, were removed quickly. The liver was weighed and then frozen by planging into liquid N,. The length of the jejunum was measured while extended with a 12.8 g weight. It was then cut longitudinally and rinsed thoroughly in ice-cold saline, blotted and weighed and placed on an ice-cold glass plate. The mucosa was scraped off with a microscope slide and transferred to Petri dishes containing 3 ml of either ice-cold trichloroacetic acid solution (100 g/l) for the measurement of specific radioactivity or perchloric acid solution (20 g/l) for the measurement of tissue composition.
Calculation of the fractional synthesis rate (FSR) of protein, i.e. the proportion of the protein mass which is replaced each day x 100, was done using the formula described by McNurlan et al. (1979) . The time taken from killing the bird to freezing the tissue was approximately 45 s and allowance was made for this in the calculation.
Chemical analysis
Tissue composition was determined by the procedure of Lowry et al. (1951) for protein, a modified Schmidt-Thannhauser method for RNA as described by Munro & Fleck (1969) and the diphenylamine method for DNA as modified by Giles & Myers (1965) . The specific radioactivity of free phenylalanine in the tissue was determined by the method of Garlick et al. (1980) . The specific radioactivity of protein-bound phenylalanine was determined similarly after extensive washing of the precipitate with trichloroacetic acid and HCIO, solutions followed by hydrolysis in 6 M-hydrochloric acid at 110' for 24 h. All measurements for radioactivity were made on a Packard Tri-Carb liquid scintillation spectrometer with Instagel (Packard Instruments Ltd, Caversham, Berks) as a scintillator until 5000 counts were accumulated or for 40 min.
Statistical treatment
Analysis of variance was carried out to assess the significance of treatment and sex effects. The treatment factors were environment (1 df) and diet (2 df), with interaction environment. diet (2 df). The sex effect (1 df), and the sex. treatment interaction (5 df) which were not significant, are not reported. The standard errors of differences given in the tables were calculated using the interaction between experiments, sexes and treatments (1 1 df) as the error term.
RESULTS
Throughout the experimental period the birds in the G F isolators remained uncontaminated according to the tests described by Fuller (1968). Table 1 . . Means not sharing a common superscript letter were significantly different:
standard error of differences between environment means and between diet means.
Where no superscripts are shown for particular groups of means, differences were not significant. Means not sharing a common superscript letter were significantly different : "3 P < 0.05, A , P < 0.01.
Where no superscripts are shown for particular groups of means, differences were not significant.
given the N F diet, total liver weight, protein and RNA contents were lower (P < 0.01) than had been found on the SCG diet, and the MA group showed intermediate values. When expressed on a unit body-weight basis, the values for relative liver weight and contents of RNA and DNA were significantly higher, and that for relative liver protein almost so, in CV birds. The dietary effect was less obvious, but relative liver protein and RNA contents were reduced by the N F and MA treatments (P < 0.05 and 0.01 respectively), and the relative liver DNA content was higher in the N F group than in the other groups (P < 0.01).
The values for RNA:protein, protein:DNA and RNA:DNA in the liver are shown in Table 2 . There was a tendency towards higher protein:DNA values in the GF birds than in the CV birds, but the difference just failed to reach statistical significance. The values for RNA ( x lo3) : protein and RNA : DNA were significantly lowered after feeding both NF and MA diets and protein:DNA was lowered after the N F diet.
The FSR of liver protein, the total amount of protein synthesized, and the amounts synthesized/d per mg RNA or DNA are given in Table 3 . Although no significant differences were found between environments for these values, the FSR and the amount of protein synthesized (mg/d and g/kg body-weight per d) tended to be higher in the CV birds than in their G F counterparts. Protein starvation by feeding the N F diet reduced these values and significant differences (P < 0.01) were found in the FSR, the absolute amount of protein synthesized, and the amount synthesized/d per mg DNA. The addition of methionine and arginine tended to offset the reduction by the N F diet, but not significantly.
Jejunal mucosa. The values for mucosal weight, and the contents of protein, RNA, and DNA are given in Table 4 . These values are expressed in terms of unit length of jejunum since Yokota & Coates (1982) found no differences in the small intestinal length between GF and CV birds. However, the wet weight was greater in CV chicks, reflecting a thicker gut wall induced by the presence of the gut micro-organisms. The mucosal DNA content @g/mm) was higher in the CV birds than in their G F counterparts (P < 0.05). The values for the rest of the measurements showed a similar trend but were not significant. The values for mucosal wet weight, and the contents of protein and RNA, tended to be reduced after the N F treatment but to be increased after the MA diet. Mucosal DNA was significantly Protein synthesis in gei-m-free chicks SED, standard error of differences between environment means and between diet means.
Where no superscripts are shown for particular groups of means, differences were not significant. lowered after the NF treatment (P < 0.01) and the reduction was lessened by the amino acid supplement. Values for mucosal RNA : protein, protein: DNA and RNA : DNA are shown in Table   5 . RNA ( x 103):protein was higher in the CV birds than in their GF controls (P c 0-05) while the reverse was true for protein:DNA (P <0.05). No difference was found between environments in RNA:DNA. The values for protein:DNA and RNA:DNA were raised after the two dietary treatments (P < 0.01).
The mucosal FSR and the amount of protein synthesized are given in Table 6 . As in the liver, although no significant differences were found between environments in these measurements, the mucosal FSR and the amount of protein synthesized @g/mm per d) Table 6 . Synthesis of protein in the jejunal mucosa of germ-free (GF) and conventional (CV) chicks given a semi-puriJied (SCG) diet, a nitrogen-free (NF) diet or the NF diet supplemented with methionine plus arginine ( M A ) ( Where no superscript letters are shown for particular groups of means, differences were not significant. SED, standard error of differences between environment means and between diet means.
* Proportion of the protein mass which is replaced each day x 100. t One missing value.
tended to be higher in the CV than in the G F chicks. The mucosal FSR and the amount of protein synthesized/d per mg RNA were reduced after feeding the NF diet (P < 0.01 and 0.05 respectively) and MA diet (P < 0.01), and the amount of protein synthesized/mm jejunum per d by the chicks after being fed on the NF diet was significantly lowered (P < 0-01).
DISCUSSION
In general, the growth of GF birds fed on an adequate diet is faster than that of CV birds, while the body-weight loss of G F birds given an NF diet is greater and more N is excreted than by their CV counterparts (Coates, 1968; Salter et al. 1974; Okumura et al. 1978) . These effects were not apparent in the present study probably because the numbers involved were insufficient to be representative for growth. Nevertheless, the smaller body-weight loss in the CV chicks fed on the MA diet compared with those on the NF diet is in agreement with the finding of Muramatsu & Okumura (1979) . This effect was also observed in the G F environment. The supplementation of the NF diet with methionine and arginine increased the amount of protein synthesized in jejunal mucosa and possibly in the liver. This would account for part, if not all, the N-sparing effect of these amino acids observed by Muramatsu & Okumura (1979) . The effect could be brought about through an increased rate of re-utilization of endogenously-formed amino acids from body-protein breakdown.
In the present experiment, some effect of ageing might have contributed to the differences found between values on the SCG diet (19-d-old chicks) and the NF or MA diets 28-d-old chicks). However, in rat liver, no developmental fall of FSR was found (Waterlow et al. 1978) and it seems likely, therefore, that the lower liver-protein FSR observed after feeding the N F diet compared with the SCG diet (Table 3) mainly reflects the effect of protein deprivation itself. The magnitude of the reduction was of the same order as that found in protein-depleted rats compared with normal control animals (McNurlan & Garlick, 198 1).
The liver RNA activity (protein synthesized/d per mg RNA) showed a small, non-significant reduction after protein deprivation. This suggests that there may have been a smaller proportion of polyribosome RNA relative to total RNA in protein-depleted chick liver. A larger proportion of monosome and disome relative to total RNA was reported in the protein-depleted rat liver compared with normal controls (Yokogoshi & Yoshida, 1979) .
When the liver weight, and the contents of protein, RNA and DNA were expressed on a unit body-weight basis, the values from the G F birds were generally smaller than those of the CV controls, supporting the findings of Reyniers et al. (1960) who found a smaller liver weight in the absence of the gut microflora. This evidence, together with the tendency towards higher liver FSR and the amount of protein synthesized in the CV environment, supports the assumption of higher activity of the liver in the presence of the gut microflora, possibly due to the load of toxic substances such as ammonia (Visek, 1974) and amines (Cheeseman & Fuller, 1966) produced in the gut and transported to the liver to be detoxified. However, the environmental effect on the liver FSR and the amount of protein synthesized failed to reach statistical significance.
The FSR of jejunal mucosa ranged from approximately 50% to SO%, about half the values of those observed in rats (McNurlan et al. 1979 ). This is not surprising since the migration time of epithelial cells in the rat intestine was reported to be 41 h (Gleeson et al. 1972) , whereas the corresponding values for the chick intestine would be 180-200 h according to the results of Rolls et al. (1978) . The reduction of approximately 20% in mucosal FSR by protein depletion agrees with that found in the mucosa of protein-deprived rats (McNurlan & Garlick, 1981) . The migration time of mucosal epithelial cells in G F birds is longer than that of CV controls (Cook & Bird, 1973; Rolls et al. 1978) . A lower FSR of mucosal protein in the G F environment would therefore be expected, and in the present study the mucosal FSR of the G F birds tended to be lower than that of their CV counterparts, although the difference was not statistically significant.
In both liver and jejunal mucosa, higher DNA contents were found in CV chicks compared with those of their G F counterparts (Tables 1 and 4 ). This higher DNA content in mucosa is consistent with the findings of a higher mitotic index of intestinal epithelium in CV than in GF birds (Rolls et al. 1978) . It may be that the increased mitosis in CV birds is caused by increased ammonia concentration in the gastrointestinal tract due to bacterial action on amino acids, urea and uric acid (Salter, 1973) . It has been reported that exposure to low concentrations of ammonia increased DNA synthesis in the ileum of the mouse (Zimber & Visek, 1972) . Similarly, if there is a higher concentration of ammonia in the portal venous blood of the chick, as reported in the guinea-pig by Warren & Newton (1959), this could account for the increased DNA content of the liver. A lower protein: DNA value was observed in the jejunal mucosa and liver of CV birds (Tables 2 and 5 ). This might be accounted for by differences in the proportions of the various types of cells. In the G F chick the reticulo-endothelial system is less well developed (Gordon & Bruckner-Kardoss, 1961 ) and the mean cell size in the gut and liver is therefore likely to be different from that of the CV chick. Millward et al. (1981) described protein:DNA as functional cell size and considered that the rate of protein synthesis per unit DNA is similar for all cell types. In spite of the lower value in the tissues from CV birds the FSR and absolute amounts of protein synthesized tended to be higher (Tables 3 and 6 ). This might imply that the protein degradation rate was higher in the tissues of the CV birds, a possibility that remains to be investigated in future studies.
